Abstract. Carbon nanotubes (CNTs) possess exceptional mechanical properties for engineering applications. CNTs have low bending stiffness and high aspect ratio, which make CNTs easy to agglomerate in polymer matrix. The agglomeration of nanotubes is one of the important factors which affect the effective elastic modulus of nanocomposites. In this study, a new micromechanical model consisting of agglomeration CNTs and pure matrix is applied to analyze the effect of CNTs agglomeration on the effective elastic modulus. The Mori-Tanaka method is employed to calculate the elastic modulus of randomly oriented CNTs reinforced composites. It is noted that the stiffness of nanocomposites is very sensitive to the CNTs agglomeration.
Introduction
The exceptional mechanical and physical properties of carbon nanotubes have stimulated a great deal of interest in the development of carbon nanotube-reinforced polymer composites [1] [2] [3] . The effects of CNT dispersion and orientation [4] , deformation mechanisms [5] , interfacial bonding [6] on mechanical properties of CNT-reinforced composites have been investigated experimentally. A typical morphology of CNT-reinforced composite has shown that the appearance of CNT agglomeration is quite conspicuous [7] . To-date, many mechanics models have been developed to predict the effect of CNTs aggregation on the effective elastic modulus. Hedayati et al [8] thought that the volume fractions of randomly oriented agglomeration of single-walled carbon nanotubes (SWCNTs) are assumed to be graded in the thickness direction. Based on the achieved results, graded CNTs volume fraction with symmetric distribution has high capabilities to reduce the frequency parameter in a comparison with uniformly asymmetric distribution.
Inherent characteristics of carbon nanotubes (CNTs) make themself easy to agglomerate in a polymer matrix. The spatial distribution of CNTs in a matrix is not uniform such that some local regions have a higher concentration of CNTs in a composite. Based on the micromechanics method, Bian et al [9] employed a modified equivalent micro-mechanics model, which is considered based on an initial model of an infinite matrix with an inclusion, and then has been developed for estimation of the elastic modulus of concrete. Bian and Zhao [10] developed a continuum model to study the mechanical properties of carbon nanotubes, in which a thermal expansion coefficient of carbon nanotubes is proposed, and is defined as a continuous variation.
The aim of this paper is to investigate the effective elastic modulus of carbon nanotube (CNT)/polymer composites, and the influence of CNTs agglomeration on the CNT-reinforced composites is analyzed. The composites consisting of agglomerated CNTs and original matrix. In the process of derivation, the agglomerated CNTs are regarded as inclusions embedded in pristine matrix. The analytical expressions are derived based on Mori-Tanaka method.
Micromechanics Model for Agglomerated CNTs
Based on the experimental results and micrograph images, the CNTs are easy to agglomerate in a polymer matrix. To reflect such an agglomerated state, we adopt the morphology of Figure 1 . in our model. In this model, the concentrative CNTs are regarded as inclusions containing the agglomerated CNTs and some parts of matrix. Here, I c and m c are the volume concentration of the inclusions and pure matrix, respectively, and they follow that:
The volume fraction of CNTs inside spherical inclusions (concentrated regions) is denoted by 
The volume fraction of CNTs in entire composites is denoted by r c and can be expressed as follow: (4) Where A is strain concentration tensor, the subscripts m and I denote the matrix and inclusions, respectively.
The stiffness tensor L in Eq. (4) degenerates into a fourth-order isotropic tensor which can be written as
Substituting Eqs. (5) and (6) into Eq. (4), the bulk and shear modulus of composites can be obtained, respectively. In the case bulk modulus, derivation process is as follows:
In the same way, the shear modulus can be derived as It is seen that the the bulk modulus increases with increasing volume fractions of agglomerated CNTs, which indicates that the uniform distribution of the randomly oriented CNTs results in the best reinforcement,while an agglomerated state would be lower the overall stiffness. 
Results and Discussion

Conclusions
In the present study, the Mori-Tanaka method is employed to estimate the effective stiffness of composites. The results show that the effect of nanotubes agglomeration is significant and it could be reduce the effectiveness of the reinforcement. However, the uniform desperation of CNTs in matrix can enhance the reinforcement. The micrograph images reflect the inevitability of CNTs agglomeration. It is a clearly evident that the effective Young's modulus of nano-composites is very sensitive to the agglomeration.
